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pj^ ygLic «"PK antagonists 



This invention was made with Government support 
5 under grant number HD-13 527 and contracts NOl-HD-1-3100 
and N01-HD-0-2906 awarded by the National Institutes of 
Health. The Government has certain rights in this 
invention. 

The present invention relates to synthetic 
0 peptides containing D-isomers which have biological 
properties antagonistic to GnRH and which inhibit the 
release of gonadotropins by the pituitary gland in 
mammalians, including humans. It also relates to methods 
of preventing ovulation and/or inhibiting the release of 
5 steroids. More particularly, the present invention » 
directed to peptides which inhibit gonadal function and 
the release of the steroidal hormones, progesterone and 
testosterone . 

20 >*CTGROUy r> O? THE INVENTION 

The pituitary gland is attached by a stalk to 
the region in the base of the brain known as the 
hypothalamus. In particular, follicle stimulating 
hormone (TSH) and luteinizing hormone (I*) , sometimes 
25 referred to as gonadotropins or gonadotropic hormones , 

are released by the pituitary gland. These hormones, in 
combination, regulate the functioning of the gonads to 
produce testosterone in the testes and progesterone and 
estrogen in the ovaries, and they also regulate the 
3 0 production and maturation of gametes. 

The release of a hormone by the anterior lobe of 
the pituitary gland usually " requires a prior release of 
another class of hormones produced by the hypothalamus. 
One of the hypothalamic hormones acts as a factor that 
35 triggers the release of the gonadotropic hormones 

particularly LH, and this hormone is referred to herein 
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as GnRH although it has also, been referred to as LH-RH 
and as LRF. GnRH was isolated and characterized as a 
decapeptide some 20 years ago, and it was found that 
analogs of GnRH having a D-isomer instead of Gly in the 
5 6-position, such as [ D-Al a* ] -GnRH (U.S. Patent No. 
4,072,668) having the following formula: 

pGlu-His-Trp-Ser-Tyr-D-Ala-Leu-Arg-Pro-Gly-NHj , 

have greater binding strength to the receptor and greater 
biological potency than the native hormone. 

10 Peptides are compounds which contain two or more 

amino acids in which the carboxyl group of one acid is 
linked to the amino group of an adjacent acid. The 
formula for the GnRH analog as represented above is in 
accordance with conventional representation of peptides 

15 where the amino terminus appears to the left and the 
carboxyl terminus to the right. The position of a 
particular amino acid residue is identified by numbering 
the amino acid residues from left to right. In the case 
of GnRH, the hydroxyl portion of the carboxyl group of 

2 0 glycine at the C-terminus has been replaced with an amino 

group (NH 2 ), i.e. the C-terminus has been amidated. 

The abbreviations for the common individual 
amino acid residues are conventional and are based on the 
trivial name of the amino .acid, e.g. pGlu is pyroglutamic 

25 acid, Glu is glutamic acid, His is histidine, Trp is 
tryptophan, Ser is serine, Tyr is tyrosine, Gly is 
glycine, Leu is leucine, Nle is norleucine, Om is 
ornithine, Arg is arginine, Har is homoarginine, Pro is 
proline, Sar is sarcosine, Phe is phenylalanine, Ala is 

30 alanine, Val is valine, Nva is norvaline, He is 

isoleucine, Thr is threonine, Lys is lysine, Asp is 
aspartic acid, Asn is asparagine, Gin is glutamine, Cys 
is cysteine, and Met is methionine. Except for glycine, 
the amino acids which appear in the peptides of the 

3 5 invention are of the L-conf iguration unless noted 

otherwise . 



94/11393 



PCT/US93/10662 



-3- 



There are reasons for desiring to prevent 
There are administration of 

ovulation in female al MrMl Iunction 

GnKH analogs that are antagonistic to ovulation . 
of GnRH have been used * J^TJLS .isomers 

f or the treatment of precoc ous pub rty - - ^ 
10 endometriosis. »»*"^^ ^gonadotropins in »ale 
useful to regulate the "« 8 "°" * spermatogenesis, 
mammals and can he employed fJ^'J^ 
e.g. as male contraceptives, and for tre 

prostatic hypertrophy. -^^/.^eTdent 
XS antagonists can he used to treat st 

~ ' improved peptides Which 

' . , ir to endogenous GnRH and which 

are strongly ^^^/the please of steroids by 
inhibit secretion of » and t ^ 

20 the gonads of fluration of biological 

compounds which exhibit a long ^ ^ 

effectiveness „ ^ h ™f ^olubility in agueous 

CnSH "^^^r^. and to provide such 
media, such as saline DU biological potency 

25 peptides which exhibit substantial biolog 
when administered orally. 

rvr1 »„v ot TUT TwrTOTIP* 1 
The present invention provides D-isomer- 

r.:'^'.r.;r:r. r.,~ rr » 
» r=z--rr--=s. ....... - 
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mammalians. These analogs may be used to inhibit the 
production and/or secretion of gonadotropins and sex 
hormones under various circumstances , including 
precocious puberty, hormone dependent neoplasia, 
5 dysmenorrhea, endometriosis and steroid-dependent tumors. 
Generally, in accordance with the present 
invention, peptides have been synthesized which strongly 
inhibit the secretion of gonadotropins by the pituitary 
gland of mammalians, including humans, and/or inhibit the 

10 release of steroids by the gonads. These peptides are 
bicyclic analogs of GnRH wherein there are two covalent 
bonds, i.e., between the 4 -position residue and the 
10-position residue, and between the 5-position residue 
and the 8 -posit ion residue. Very generally, these GnRH 

15 antagonists can be described as peptides having a 

decapeptide main chain, which peptide is effective to 
substantially reduce .the secretion of LH by the 
pitu'iteiry, said peptide being an analog of mammalian GnRH 
wh4reiri the N-terminus is preferably acylated, the C- 

2 0 terminus is amidated, a side chain of the residue in the 

4-position is connected by a covalent bond to the residue 
in the 10-position, and the side chain of the residue in 
the 5-position and the side chain of the residue in the 
8-position are connected by amide linkages to the a- 
25 carbon of an amino acid residue outside of said main 
chain. 

More specifically, these peptides have 
£-(2-naphthyl)-D-alanine (hereinafter £-D-2NAL) in the 1- 
position or an equivalent residue in the 1-position as 

3 0 well known in this art, such as D-Phe, D-Pro, L-Pro, 

D-Trp or dehydroPro, with dehydroPro being preferred if 
£-D-NAL is not present. The 1-position residue is 
preferably modified so that its alpha-amino group 
contains an acyl group, such as formyl(For), acetyl(Ac), 
35 acrylyl (Acr) , vinylacetyl (Vac) or benzoyl (Bz) ; acetyl is 
preferred; however, an equivalent acyl group can be 
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15 



. f> ,U art. A modified D-Phe 
-P^- .» nr^e r4o S ^ion which has specific 

residue is present in tM2 P principally 
modifications as veil known in subst itutions 
sub stit U tions in t,e r n,ene ^ ^ _ p _ 

for hydrogen in the ring ar P ^ 2 _ or 

or 4-position, but Bight instead be * 

3-position, such substitutions are selected fr 

nu.ro, bromo, .ethyl, .ethoxy and ^°;^ stltutions 

fl uoro and nitro being^e erred ^ ^ ^ 

w ,,. r -i so be made xn the 2,4 w ■> / f 

may also toe m methylated, e.g. 

The alpha-carbon atom may also d 

^'^ne residue in the 3-position ^i^J** 
a s unsubstituted or substituted D-Tr P. 
or ,-D-lWO.. PAX. and D-WO. represent " 
Vomers of -^-^J^rp^T - - 

preferred residue in the 3-position, a Xnovm qu 

can instead be 'used. 

The 4-position residue may be Abu or a 
, • acid preferably Asp, and the residue 

dicarboxylic amino acid P complenentar y to the 

in the 10-position is^ of ^ ^ 

4-position «" d 7.- an K d 0r i ;. pos t ions of a length slightly 
3 residues xn the 4- ana iu p 

longer or shorter than that provided by a paxr 

residues may also be employed. 

The 5-position is occupied by Glu or A p 

h omoglutamic acid ,Hgl, . preferably with the 

„ 8 - P osition by Obu or orn « > ^ throligh 

side chains of these two Q _ Mino acid being 

.. peptide linkage w tb n ^ ^ ^ ^ ^ 

included m the linfcag ^ ner einafter. 
two residues, * „ e used; howe ver, those 

15 Generally any a-ammo acid » y a _ 
having a basic side chain, such as Arg, Har. 
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Phe, gua-4methyl-Phe, 4NH 2 -Phe (Aph) , Lys, Orn and the 
like, or Phe may be preferred. In addition, there is a 
class of recently synthesized unnatural a-amino acids 
which include either a N*-cyano-N*'-alkyl- (or aryl-) 
5 guanidino moiety or an aminotriazole moiety that can also 
be used, which are referred to as UAA and are described 
hereinafter in more detail. 

The peptide has D-Arg in the 6-positio,n or an 
equivalent D-isomer chosen from those well known in this 

10 art, D-isomers of the aforementioned unnatural a-amino 
acids (D-UAAs) can also be present in the 6-position. 
The naturally occurring residue Leu is preferably in the 
7 -position? however, an equivalent such as Nle, NHL, Phe, 
Nva, Met, Tyr, Trp or PAL can be present. 

15 These GnPH antagonists have good duration of 

biological activity when tested in vivo . They are 
considered to have higher potency when administered 
orally compared to previously available GnRH antagonists* 
They have good solubility in saline solutions and other 

2 0 aqueous media. The peptides inhibit ovulation of female 
mammals when administered at low levels at proestrus and 
are also effective to cause resorption of fertilized eggs 
if administered shortly after conception. These peptides 
are also effective for the. contraceptive treatment of 

25 male mammals and for the treatment of steroid-dependent 
and other tumors. Thus, they provide for improved 
methods of pharmaceutical treatment. 

DETAILED DESCRIPTIOK OF THE PREFERRED EMBODIMENTS 
30 More specifically, certain preferred bicyclic 

peptides of the present invention have the following 
formula: 



R n 1 

35 Ac-ff-D-2NAL- (4C1) D-Phe-D-3PAL- R 4 -R^-D-Arg-]^u-^-Pro-R 10 -NH 2 
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V— is Glu, Hgl or Asp; K» i s 

D bu, Dpr or orn. *, o i VP al», MP. 

sar . P -Ala. ~u Har , orn. ^ ^ ^ ^ 

(E)Phe, Arg, BiB, Ty 1 ' faei defined 

PAL, He, Trp, cy. or vhen R> is „», *,„ is 

hereinafter; provided howev Alternat ively R„ 

Abu; and when B t is Asp, k,„ vhen 

_ „»» preferably when R, is Glu, k, i 
can be UAA. Prefer y ^ ^ ^ ^ ^ 

B, is A s P . K. is oxn. a a ^ er . of the most c«o„ 

Taking into account ively be employed, 

eguivalent residues ^JZTZ tZJ^ genera! 
these GnRH antagonists may have tn 

formula: 

x-r - (A) b-v^-^^SlHts^ 

„t an acyl group having 7 or less 
v her,in X is hydrogen _« £ - * J ro; x is „,cl, P. 

carbon atoms! R, is /> D 2KA1, j-d-zhai., D-3PAI, 

„c,, CH„ OCH,. «-/««'^' H,l or Asp,R 6 is 

or D-Trpf R t is ASP or ^ » ^ ^ (c)D . Hi£ , 

D-PAL, (D) D-Arg , D-W». •>-»•' ° A _ ^ hhcH, 

D-Pro, D-Ser(OtBu) , D-Nva or P UAA A ^ ^ 

or gua, B is H. H0 2 , HH, OCH,. F, CI Br 

■ • u i-mBzl or dinitrophenyl , u 1S> 

N - Ac . c xs H, xmBzl or ^ ^ or 

aDcyl; H 7 is HI.. ^,.KHL Phe , ^ ^ ^ 

PAL; is D .u ^ Drn , L ys, Clu. -p, 

Ala, Sar, p-Ala, Leu, ' pal. Gin, Asn, Val, 



15 



20 



25 



30 



35 



' , ' His Tyr, Ser, PAL. Gin. *-»• V-L 
Hie, Hva, He, Trp, C1 provided 

guaCH 2 . HH 2 . H, CI. P. Br ^ HO ^ ^ ^ ^ 

however that when R t is Abu, R,„ 1 en t in 

• r^r- Preferably when 0-D »^ 1 * 
Asp, K 10 x. ~ or a hydroph ilic D-a»xno 

the 1-posxtxon, anH -D-Phe, 4-guanidino-D-Phe , 

acid residue, such as 4NH 2 -D Pne, 



1393 



PCT/US93/ 1 0662 



-8- 

D-His, D-Arg or D-Har, is present in the 6-position. 
When dehydroPro is present in the 1-position, D-PAL, 
D-UAA, or a D-isomer of a lipophilic amino acid, such as 
D-Trp, D-Phe, For-D-Trp, N0 2 -D-Trp, D-Leu, D-Ile, D-Nle, 
D-Tyr, D-Val, D-Ala, D-Ser(OtBu) , /9-D-NAL or 
(imBzl) D-His, is preferably in the 6-position. 

By dehydroPro is meant 3,4 dehydroproline, 
CjI^O^N. By 0-D-NAL. is meant the D-isomer of alanine 
which is substituted by naphthyl on the ^-carbon atom, 
i.e., also termed 3-D-NAL. "Preferably 0-D-2NAL is 
employed wherein the attachment to naphthalene is at the 
2-position on the ring structure; however, £-D-lNAL may 
also be used. PAL represents alanine which is 
substituted by pyridyl on the ^-carbon atom; preferably 
the linkage is to the 3 -position on the pyridine ring. 
When substituted D-Trp is employed, single substitutions 
for hydrogen may be made in either the 5- or 6-position, 
which are selected from chloro, fluoro, bromo, methyl, 
amino, methoxy and nitro, with chloro, fluoro and nitro 
being preferred. Alternatively, the indole nitrogen may 
be acylated, e.g. with formyl (N in For- or IFor-) or with 
acetyl. N in For-D-Trp and 6N0 2 -D-Trp are the preferred 
substituted residues. When either D-Arg or D-Har is 
present in the 6-position, the guanidino side chain can 
be di-substituted with lower alkylfC, to , preferably 
diethyl. By NML is meant N°CH 3 -L-Leu, and by Cit is 
meant citrulline, having the formula 
CH 2 (NHCONH 2 )CH 2 CH 2 CH(NH 2 )COOH. By Abu is meant 
2-aminobutyric acid, and by Dbu is meant 
2 , 4-diaminobutyric acid. By Dpr is meant 
2 , 3-diaminopropionic acid. By 4-gua-D-Phe is meant a 
residue of D-Phe substituted in the para-position by a 
guanidino group; by (gua-4CH 2 ) D-Phe is meant a residue of 
D-Phe having a methyl group in the para-positibn which 
is itself substituted with a guanidino group. 
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^ ,i t- or D-isomer a-amino acids 
The unnatural L- or u j- 

, fKar N --cyano-N" , -alKyl-(or 
(UAAs) have either (a J y p _ amin0 phenylalanine 
ary l- )g uanidxno moietxe form shortened ve rsion of 

(Aph) or as a part wherein a i*yl is 

Arg havxng 1 or 2 few 2 cyc iohexyl and aryl 

preferably lower aW 1 C naphtny i, tryptamino 

is preferably benzyl , ^ * oiety (atz) on the 

or pyridyl; or (b) an L, or Dpr. . These 

distal amino group of Aph, Lys, O , 

UA As can be synthesized as ^^^\* 1990 , 
application S^ljo. herein by reference, 

disclosure of wh-h^ ^ incorporating such 

The biopotency of GnKH an * The obald et al., 

UA As in the main chaxn ~ Examp ies of 

^^f^ -oarginine 
some suitable UAAs whi Har(iC N), Har(bCN) , 

molecules i-^^ ^ ^eCH) and HarCbzCH) 
Har(hCK), B.r(^). «a < P = fe . 

vherexn m = methyl, e ^ ^ _ 2 _ 

h = hexyl, ch = cyciohexyl, bz y a _ affiin o 

once the UAA is synthesized, 
methylpyrxdyl. Once t ^ or some 

require protection. • defines a 

The following general formula defxn 
' preferred subgenus of GnRH antagonists: 



30 



35 



x- R - (a) v-r^-^tr^^^r^-™* 

»n ami group having 7 or less 
wherein X is hydrogen ^ J^^^J^^ A is H,C1, F. 
carbon atoms; R, is /3-D-2NAL Y ^. D _ 2NAL , D-3PAL 

r*u nrH C°Me/4Cl, Cl 2 or Br, R3 is P 
NO,, CH 3 , OCH 3 , 2 fl-D-NAL, 

-o ■?«= r,lu Hql or Asp; R 6 is P » 
or D-Trp ; or ^ xs Glu, «g (C) D-His, D— PAL, 

,. Mn -Phe, (D)D-Har, D-Tyr f K<~> 
(B) D-Trp» < ' o-Nle i D-Xl.. D-Pro. 

(D)D-Arg. D-Leu. D-Ile, u 
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D-Ser (OtBu) , D-Nva or D-UAA; A 1 is A, NH 2 , NHCH 3 . or gua; 
B is H, N0 2 , NH 2 , OCH 3/ F., Cl , Br, CH 3 , N in For or N 1n Ac; C 
is H, imBzl or dinitrophenyl ; D is H or di-lower alkyl ; 
R 7 is Nle, Leu, NML, Phe, Met, Nva, Tyr, Trp or" PAL; R^ 
5 is Dbu, Dpr or Orn; and R n is Gly, Ala, Sar, £-Ala, Leu, 
Har, NAL, (E)Phe, Arg, His, Tyr, Ser, Gin, Asn, Val, 
Nle, Nva, lie, Trp, Cit or UAA; and E is gua, guaCH 2 , 
NH 2 , or H. When R, is 0-D-NAL, then R 6 is preferably 
4-NH 2 -D-Phe, D-Har, D-His, 4-gua-D-Phe, D-PAL or D-Arg. 

10 Another preferred group of biologically active 

bicyclic peptides which have a covalent bond between the 
residues in the 4- and 10-ppsitions and which have a 
cyclizing bond containing an a-amino acid residue 
between the side chains of the residues in the 5- and 

15 8 -positions has the following formula: 

f — R "- — i 

Ac-£-D-2NAL- (4C1) D-Phe-D-OPAL-Asp-Rj-D-Arg-Leu-Rj-Pro- 
Dpr-NH 2 

2 0 wherein is Glu, Hgl or Asp; R^ is Dbu, Dpr or Om; and 
R n is Gly, Ala, Sar, £-Ala, Leu, Har, NAL, PAL, (E)Phe, 
Arg, Lys, Orn, Dbu, Dpr, His, Tyr, Ser, Gin, Asn, Val, 
Nle, Nva, lie, Trp, Cys or Cit. E is as defined 
hereinbefore, and R n can alternatively be UAA. 

25 Yet another preferred group of biologically 

active bicyclic peptides has the following formula: 

1— *ii 1 

AC-/9-D-2NAL- (4C1 ) D-Phe-D-3PAL-As p-R 5 -D-Arg-Leu-3^"PrO" - 
Dpr-NH 2 

30 

wherein is Asp or Glu; R^ is Dbu or Orn; and R n1 is 
Gly, Ala, Lys, Orn, Dbu, Dpr, Sar, £-Ala, Leu, Har, NAL, 
(E)Phe, Arg, His, Tyr, Ser, PAL, Gin, Asn, Val, Nle, 
Nva, lie, Trp, Cys or Cit. E is as defined 
35 hereinbefore, and R.. can alternatively be UAA. 
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^ C ularly preferred group of bicyclic 
in a particularly pr 

=r^r^ « =^ " — These 

"cyclic peptides have the follow^ formula. 
Dpr-NH 2 

herein *, is *sp or Gl«, *, is °- or orn, and «„ is a 

10 baSi ° "'^presently «•* preferred g roup of bicyclic 
peptides has the following formula: ^ ^ 

15. Dpr-NH 2 

is Dbu or Orn; and R u is 
wherein B, is Asp or Glu. R* alternatively 
(g ua)Phe, (guaCH 2 )Phe, Arg, Har or His, 

C - ^ty be desire to ^^^Z 

or longer eyol^^^ between 

4 . and --Posi-on than ^ be 

Abu residues, and in sucn * 

sy „thesi*ed havin, *^£ )g ^ 

25 ' TT r> _p _r_ -Pro-NHCHCO-NH 2 

^11 

»cvl aroup having 7 or less 
wherein X is hydrogen ^ JLy^Pro, X is B.C1. r. 

carbon atoms; R, « P ° ^ .-D-2HAL. D-3FAL 

or D— Trp ; «, is «X». H, .°* l rKL . (D)D -xr g . 

(A .)D-Phe, (D)D-Har. D-Tyr, < C >° D -ser(otBu), 

D-Nva or D-«*M X- i.£ «J| c H , imB2l 

35 HH 2 . OCH„ t. CI. Br. CH , , 1; ^ is „le, 

or dinitrophenyl! D is H or 
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Leu, NML, Phe, Met, Nva, Tyr, Trp or PAL; R^ is Dbu, Dpr 
or Om; R n is Gly , Ala, Sar, 0-Ala,* Leu, Har, Orn, Lys, 
Glu, Asp, NAL, (E)Phe, Arg, His, Tyr, Ser, Gin, Asn, 
PAL, Val, Nle, Nva, lie, Trp, Cit or UAA; E is'gua, 
5 guaCH 2 , NH 2 , H, Cl , F, Br, N0 2 , CH 3 , or OCH 3 , and n is an 
integer between 2 and 6 and preferably, n = 3 to 5. If 
the residues in positions 4 and 10 were both Abu, n 
would equal 4. 

The peptides of the present invention can be 

10- synthesized by classical solution synthesis or by a 

solid phase technique using a chloromethylated resin, a 
hydroxymethyla'ted resin, a methylbenzhydrylamine resin 
(MBHA) , a benzhydrylamine (BHA) resin or any other 
suitable resin known in the art. The solid phase 

15 synthesis is conducted in a manner to stepwise add the 
amino acids in the chain in the manner set forth in 
detail in U.S. Patent No. 4,211,693. Side-chain 
protecting groups, as are well known in the art, are 
preferably added to the residues to be employed in the 

20 synthesis having particularly labile, side chains and may 
optionally be added to others, such as Trp, before these 
amino acids are coupled to the chain being built upon 
the resin. Such synthesis provides the fully protected 
intermediate peptidoresin. 

25 The "final" chemical intermediates made 

generally in accordance with the preferred procedure for 
producing bicyclic peptides having certain features of 
the invention are represented by Formula II: 
X 1 -R 1 -(A)D-Phe-R 3 (X 2 )-R^(X 3 )-R 5 -R 6 (X 4 or X 5 )-R 7 (X 2 or X 4 

30 , ^(X 9 ) 1 

or X 7 )-R 8 -Pro-R 10 (X 3 *)-X 10 wherein: 

X 1 is an alpha-amino protecting group of the type known 
to be useful in the art in the stepwise synthesis of 
polypeptides. Among the classes of alpha-amino 
35 protecting groups covered by X 1 are (1) acyl-type 

protecting groups, such as formyl(For), trif luoroacetyl , 
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10 



phthalyl, p-toluenesulfonyl(Tos) , benzoyl(Bz) , 
phtnaxyx, v troD henylsulf enyl (Nps) , 

benzenesulfonyl, o-nitropheny acryly i (Acr) , 

tritylsulf enyl , o-nitrophenoxyacetyl , < 
chloroacetyl, acetyl (Ac) and Y -chlorobutyryl ; 
chloroacetyi, * protecting groups, e.g., 

(2) aro^ticur ^^^loxyc^l (F»oc) 

benzyloxycarbonyl (Z) , i iUU * 
and substituted benzyXoxycarbonyX, such as 
P-="orobenzyXoxy-car^yXCCXZ> ; bonyl and 

p-nitrobenzyXoxycarbonyX P br urethan 
p-.etho.yben.yloxycarbonyl . ^ P arto _ 

protecting groups, such as "£»J lhonyl< 

dll " pr0P rT:Tally^cir 0 ny'- («> cycXoaXKyX 
ethoxycarbonyi and aliyJ.°*y 
urethan-type protecting groups, such as 
, cycXopentyXoxyc^onyX. ^^f^, 

,., -yX-type 

protecting groups, such as 

tri phenyX.ethyX<trityX, -^f^^sixane. The 
0 (7) triaikyXsiiane groups, such tr y 
preferred alpha-aBino protecting group xs Boc, 
a. o-F the a-anino group or R,,- 

for the protection of the . protecting group 

X 2 is hydrogen or a suitable 

for the indoie n = of ^ _ 

25 * » ^arboxvl side chain, such as 

protecting group for a carboxyi si 

^ i ae f.»r^ or OBzl (benzyl ester), or 

residues and *,„. X* is an . 

^abiXe protecting grouper an ^ 
30 2C1-Z or t-a«yloxycarbonyl f or is a 

residues R 4 and R 10 . „^ n un for the 

^ is hydrogen or a protecting group for 

phenoXic hydroji group of Xyr selected fro. the group 
insisting of tetrahydropyranyX , "^ Ut f ^ 
3 5 benzyX, Z, 2 -bro*obenzyXo*ycarbonyX (2Br«» 
2 , 6 -dichlorobenzyX(DCB). 2BrZ x. preferred. 
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X 5 is a protecting group for a side chain 
guanidino group in Arg or the like, or for the imidazole 
group of His, such as nitro, Tos, trityl, 

adamantyloxycarbonyl , 2 and 2 , 4-dinitrophenyl (DNP) , or X 5 
5 may be hydrogen, which means there is no protection on 
the labile side chain group, Tos is generally preferred. 

X 6 is a base-labile protecting group for a 
carbbxyl group, preferably f luorenylmethyl ester (OFm) . 

X 7 is hydrogen or a protecting group for Met, 
10 such as oxygen. 

X* is a base-labile protecting group for an 
amino group, preferably Fmoc. Neither X 6 nor X* appears 
in the "final" intermediate. 

X 9 is hydrogen or a suitable side chain- 
15 protecting group as described above or as generally 
known in this art. 

X 10 may be 0-CH 2 -[resin support], -NH-[resin 
support], OH, ester or NH 2 . 

The criterion for selecting side-chain 
2 0 protecting groups for X 2 -X 9 is that the protecting group 
should be stable to the reagent under the reaction 
conditions selected for removing the alpha-amino 
protecting group (e.g. Boc) at each step of the 
synthesis. Generally, the protecting group should not 

2 5 be split off under coupling conditions but will be 

removed upon completion of the synthesis of the desired 
amino acid sequence under reaction conditions that will 
not alter the peptide chain; however, certain of the 
protecting groups, e.g. X 6 and X*, are chosen to be 

3 0 removable without the removal of other of the protecting 

groups in some syntheses . 

When the X 10 group is -0-CH 2 - [resin support], 
the ester moiety of one of the many functional groups of 
a polystyrene resin support is being represented. When 
35 the X 10 group is -NH-[resin support], an amide bond 
connects R. ft to a BHA resin or to a MBHA resin. 
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when the N-terminus is acylated, as is 

a reaction is preferably carried 
preferably the case, a reacti ° ? regin (after 

intermediate peptide on uie * 
out with the intern ^ ^ M _ ter minal 

removing the Boc pro renaln 

protected), e.g. by r c) or 

presence of d "* cl °^ a "£ ide , or b y another suitable 

preferably with acetic • an acetyl gro up. 

reaction as Xnovn in the art 
10 The bicyclic peptides can be example , 

P rotoooi S rrr : e rt::;r „. ».x. - 

U.S. Patent No. 5,064,93*, nere in by reference, 

^-t.-^e 5 rir -4-** - r 

discloses a variety ^ residues .„ tne 4 „ 

1S the character of incorporation of the 

an d 10-positlons- between tne .residues in 

a lpha-amino add i Accomplished in several 

20 bl ocKed divide .hen adding £ ^ _ ^ 
occupy either the b however, to avail 

st ep peptide "^ble Starting 
oneself of commercially avallab \ alpha . 
ma y be advantageous to add this n or 

to either the residue in the o P 
25 ammo acid to eltne been 
the residue in the 5-posltlon after i 
incorporated into the main chain of the pep 
synthesized^ ^ preferred bicycl ic peptides 

^Harrying out solid-phase synthesis on a 
30 are made by carrying least one cyclizing 

suitable resin and P"'!""*^^ a par l of the 
Bt e P while the P^£^£"££ ^ entire peptide 
peptidoresin. and Preferably cycll2ati on is 

has been synthesized. ^ Bain cha in is 

35 effected, the synthesis " t ^JJ^ tmm th e 4- and 

At such time, if tne conu 



completed . 
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lO-poiiition residues is of the dicarba type (as 
discussed hereinafter) , the second cyclization will have 
been completed. If the bond being established between 
the 4- and 10-position residues is an amido bond, 
5 cyclization may be carried out on the resin, but it is 
preferably effected following cleavage. Accordingly, 
the protected peptide would then be suitably cleaved 
from the resin. For example, if a hydroxymethylated 
resin or a chloromethylated resin support is used, 

10 cleavage by ammonolysis is used, as is well known in the 
art, to yield the fully protected, C-terminally amidated 
intermediate; alternatively, if a benzhydrylamine resin 
is used, treatment with hydrofluoric acid (HF) causes 
deprotection of side chains as well as cleavage of the 

15 peptide from the resin as a C-terminal amide. 

As indicated above, it is generally preferred 
to carry out the final cyclizing step to form the bond 
bet^eeh the position 4- and 10-residues following the 
cleavage from the resin. When the cyclization is via 

20 creating an amide bond between a side-chain carboxyl 

group of the 4-position residue and a side-chain amino 
group of the 10-position residue (which is the presently 
preferred bond) , it is preferable to synthesize the 
protected peptide on an MBHA or BHA resin and to 

25 derivatize a cyclohexyl or benzyl ester protecting group 
of the carboxyl acid side chain to form a hydrazide 
while the peptide is still attached to the resin. This 
can be accomplished by using OChx or OBzl as a 
protecting group for the carboxyl side-chain of the 

3 0 residue to be involved in the amide-bond bridge. 
Following this selective hydrazide activation, 
deprotection of the remainder of the side-chain 
protecting groups and cleavage from the resin are 
effected. Then reaction to accomplish cyclization is 

3 5 carried out by treating with isoamylnitrite and a strong 
acid, such as HC1, to generate the azide which in turn 



VVO 94/11393 



PCT/US93/ 10662 



-17- 



b ° nd ' Analogs of or*, which include the '^lent ot 
alfied cystine residues in the 4- and 10-positions 

-CH 2 -lin*age are ref erred to particular type are 

^ ITS 554 (September 19, 1978), « , j-^ / 
D patents Nos. 4,lw»"'»v o f 

(January 9. 1979); 4 . 1*0.767 (February 20 1979). 

4 161.321(July 17, 1979), 4 , 191 , 754 (March 4, 1980). 

4 238,481 (December 9, 1980,; 4.244.947 (J anuary 13. 
. " 81>! l-o^o-^^e P e P tide tocne 

would be occupied by a 1.7s t« 

Tesidue of alpha-a,nino butyric „ a 

preparing peptides having such- a d^carba " 

v,^»r chain dicarba-type linkage, the 

reference) . In the p p ^ ^ chain tQ 

25 X 3 and X 3 ' represent a direct 
the other residue. 

It has been found to be particularly _ 

to carry out the solid-phase synthesis of 
.dvantageous to carry ^ ^ antagQnist 

certain or x.nese d 10- 

30 peptides having an a*ide linage ^e ween £ 4^^ 

position "^l»;™ s ?;ZiZs of the »ain chain. 
^ Jn^^^m occupy positions -X. of 
^« antagonists, the -^f^ ^ 

residue is appropriately 
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(Z) or an equivalent protecting group that will not be 
removed under basic conditions. Boc or an equivalent is 
used as the alpha-amino protecting group for all of the 
amino acids in the main chain, and the side chain amino 
5 group of the 8-position residue is protected with Fmoc. 
Following the creation of the pentapeptide, the Fmoc 
protection on the side chain amino group of this residue 
in the main chain of the pentapeptide i* reaoved using 
piperidine, and the nonbackbone residue (which has its 

10 alpha-amino group protected by Fmoc and has any labile 
side chain appropriately protected) is coupled to the 
side chain of the 8-position residue using standard 
coupling conditions . 

Following this coupling, the Boc-protecting 

15 group is removed from the 6-position residue, and the 5- 
position residue is added, having its carboxyl side 
chain: protected with OFm. Following this coupling step, 
the Fmoc and OFm side chain protecting groups are 
removed by treatment with piperidine, and then 

20 cyclicization is. effected by treatment with BOP 

[Benzotriazolyl-N-oxytris (dimethylamino) -phosphonium 
hexaf luorophosphate] and diisopropylethylamine. 
Following cyclicization, the BOC-protecting group is 
removed from the N-tenninus of the hexapeptide main 

25 chain, and the synthesis of the decapeptide main chain 
is completed using OBzl or OChx as the side chain 
carboxyl protecting group for the 4 -position residue. 
Thereafter, following completion of the decapeptide main 
chain, and then removal of the Boc protecting group at 

3 0 the N-terminus and acylation thereof, the peptidoresin 
is treated for about 6 0 hours at room temperature with 
hydrazine in order to form the hydrazide on the side 
chain of the 4-position residue. Thereafter, the 
peptidoresin is treated with HF to remove the remaining 

35 protecting groups and cleave the peptide from the resin. 
Finally, treatment with HC1 and isoamylnitrate at a 
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>, low 0-C followed by the addition of N,M 
temperature below 0 C f ^ ^ ^ 

diisopropylethylamme is use * crea tion of an amide 

coupling reaction, which in ^ 4 . 

bond between the side chains of the r 



10 



Formula I: 



15 



20 



25 



I ^ ' _ therein X is 

^-^-^-^^^^'iTl'^ carfcon atoms; 
hydrogen or an acyl group having J or X 

D-Trpi 8. 1. ASP or Abu ^ Har , D -Tyr, (OD-H.S, 

0-D-HAL, (B)D-Trp. <* >» »*• <^ D . Nle , D-Ala, 

D . PAL ,; <D )D -Arg, D-I-». °J a1 ;, x HHCHj 

D - Pr o. D -Ser(OtBu>. D - NVa ; f ! i D -^; i A Br , CH5 , N in For or 
or gua': B is H, N0 2 , NH 2 , oca,. r. cl Br , wer 
■ • u ,'™rz1 or dinitrophenyli » 15 » ° 

c 1S imBZl * phe Met. Hva, Tyr, Trp or 

alKyl; % i- ^ * he ' ' r or ibu; is Gly. 

Ala, sar, *-Al». I*". • „ ln A6n , Val, 

Hie. Hva, lie, Trp, cys Cit provi ded 
^aCH,, NH 2 , H, Cl, F «r. «»,. « 5 . ^ uhen ^ . s 

however that when K, » Abu > ■ a 

r is Dpr; which method comprises 
Asp, R,o k .„ iB(1 the formula: 
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(b) removing (X s ) and coupling (X^R^fX 9 ) to the side 
chain of R^; (c) coupling 1^ to R 6 to create a second 
intermediate having the formula: X^-R^X 6 )- 
R 6 (X* or X 5 )-R 7 (X 2 or X* or X 7 ) -R^-Pro-R^ (X 3 *) -X 10 ; ■ 
5 X 8 -R 11 (X 9 ) — ' 

(d) removing (X 6 ) from Rj and X s from R n and creating a 
cyclizing amide bond; (e) then forming a third 
intermediate compound having the Formula II: 
X 1 -R 1 -(A)D-Phe-R 3 (X 2 )-R 4 (X 3 )-R 5 «R 6 (X* or X 5 )-R 7 (X 2 or X 4 

10 , R n (X 9 ) * 

or X 7 )-Rj-Pro-R 10 (X 3 *)-X 10 wherein X 1 is hydrogen or an 
alpha-amino protecting group; X 2 is hydrogen or a 
protecting group for an indole nitrogen; X 3 and X 5 * are a 
direct bond between R 4 and R 10 or acid-labile protecting 

15 groups for carboxyl or amino side chains; X* is hydrogen 
or a protecting group for a phenolic hydroxyl group of 
Tyr; X 5 . is hydrogen or a protecting group for a guanidino 
or imidazole side chain; X 6 is a base-labile protecting 
group for a carboxyl group; X 7 is a protecting group for 

20 Met; X s is a base-labile protecting group for an amino 
moiety; X 9 is hydrogen or an appropriate side chain 
protecting group; and X 10 is selected from the group 
consisting of 0-CH 2 -(resin support), -NH-(resin support), 
esters., and amides; (f) converting X 3 to a hydrazide; 

2 5 (g) splitting off any remaining protecting groups and 

cleaving from said resin support; (h) creating a 
cyclizing bond between R ; and R 10 and, if desired, (i) 
converting a resulting peptide into a nontoxic salt 
thereof. The so-called "final" intermediate for certain 

3 0 preferred bicyclic peptides is that having the formula: 

X 1 -R l -(A)D-Phe-R 3 (X 2 )-R 4 (X 3 )-X 5 -R 6 (X ; or X s ) - 

I — Rii(* 9 ) J 

R 7 (X 2 or X* or X 7 ) -X*-Pro-R 10 (X 3 *) -X 10 . 

Purification of the peptide may be effected by 
3 5 ion exchange chromatography on a CMC column, followed by 
partition chromatography using the elution system: 
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volume ratio) on a 
n -butanol;0.1S .otic purification is 

coi- pacKed with Sephadex G " in this 

art. and as * 198 4) 303-328. 

i - ar2BSi23ESJ ^;/f of the invention are considered to 

J 1 " ^Prevent ov^ ation in £ emale rats when 
be effective to preven proe strus, at 

Ministered -J^^^*^ fcilogram of body 
levels of less than loo m ^ ovulation, it may 

we ight. ,or P"--- in the range of from 

he desirable to use dosage ^ ^ 

about 0.1 to about 2.5 P also effective to 

These antagonists are a±so 
veight per day. Thes adninister ed to -ale mammals 

arrest spermatogenesis when ^ 

. » « b " 1S si :: d e ^compounds vill reduce 

contraceptives^ sxnce t conseque nce in the 

testosterone levels (an reasonable to 

normal, sexually tE tosterm e along 

administer replaced t ° antagonls ts can also be 

» vith the =^ '^"production of gonadotropins and sex 
used to ^^l£ oees as inai cated hereinbefore, 
steroids for other P" y antaqonists are 

Thes e i proved -^tial Ability to 

generally character - ^a ^ ^ ^ 

i5 suppress the secret * toge ther with a 

cell assay when administered og^ ^ ^.^ 

concentration -^^Ivter Td'vale. US^^ 
assay are set orth ™ *> abmty is meant 

23, 869-876 (1978). n4 . t to GnKH of 

*.„Hon of GnRH antagonist to 
30 that, at a "^^mount of I* secreted is reduced 
about 2/1 or less ^ the ^ 

by so, ' ID ^' an J.° o r ^ at on assay (Corbin et al. 
standard rat antl ovul 5)) , the se GnRH 

EDfl2Mim - B£S r^Ziete' blockage of ovulation when 
35 antagonists show complete dj. 
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administered at about 200 /xg or less per kilogram of 
body weight. 

The following examples set forth preferred 



methods for synthesizing GnRH antagonists using the 
5 solid-phase technique. These examples illustrate the 
best mode presently known to the inventors for making 
these -peptides ; however, as indicated hereinbefore, 
alternative methods of syntheses are available and can 
be employed, including classical solution-phase 
10. synthesis. Accordingly, these examples should be 
considered as illustrative to be taken into 
consideration in conjunction with the remainder of this 
specification and not as limiting. . 

15 EXAMPLE I 



Ac-£-D-2NAL- (4C1) D-Phe-D-SPAL-Asp-Rj-^-Leu-Rg-Pro-Dpr-NHj 



are prepared by the solid-phase procedure referred to 




20 



above . 
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No. 




F or purpose of an e* M ple. a representative 

referred to as £clo £ 0. .= ^ ^ cbus 
(4C1)D-Phe 2 , D-3PA1> , as P , peptide has 

■the following formula, ac p 

I Arg- | -wtti The other 

peptides in the table a« 

purified. used> and 

r nur arams of MBiiA res>-m 

3-hour period in mixture 
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dichloromethane (DCM) in about equal parts using a 3-fold 
excess of Boc derivative and DCC as an activating 
reagent. The Dpr residue attaches to the MBHA resin by 
an amide bond. 
5 Following the coupling of each amino acid 

residue, . washing, deblocking and coupling of the next 
amino acid residue is carried out in accordance with the 
following schedule, using an automated machine and the 
amounts stated, when beginning with about 4-5 grams of 
10 resin: 

STEP pF.AGENTS AKD OPERATIONS MTX TIMES HJN . 

I DCM wash-8 0 ml. (2 times) 3 
" 2 Methanol (MeOH) wash-30 ml. (2 times) 3 

3 DCM wash-80 ml. (3 times) 3 
15 4 50 percent TFA plus 5 percent 1,2-eth- 

anedithiol in DCM-70 ml. (2 times) 10 

5 * Isopropyl alcohol + 1% ethanedithiol 

wash-80 ml. (2 times) . 3 

6 TEA 12.5 percent in DCM-7 0 ml. 5 
2 0 7 MeOH wash-4 0 ml. 2 

8 TEA 12.5 percent in DCM-7 0 ml. 5 
. 9 DCM wash-80 ml. (3 times) 3 
10 Boc-amino acid (10 mmoles) in 30 ml. of 
either DMF : DCM or DMF alone, depending 
25 upon the solubility of the particular 

protected amino acid, plus DCC 

(10 mmoles) in DCM 30-300 

II MeOH wash-4 0 ml. (2 times) 3 

12 TEA 12.5 percent in DCM-70 ml. 3 

13 MeOH wash-30 ml. (2 times) 3 

14 DCM wash-80 ml. (2 times) 3 



30 



The above schedule is used for coupling each of 
the amino acids of the peptide after the first amino acid 
35 has been attached. N«Boc protection is used for each of 
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IS 



<„o acids throughout the synthesis, 
the remaining amino vith raoc . The side 

except for Arc which " ^otected tfith Tos . Fmoc is 
chain of Arg or D-Arg is P ^ group 

used. as a side-chain P""^^ \ he siae . ch ain amino . 

of Dbu! / roup of the side chain of 

group of Dpr. The ^ ^ oarboxyl group of 

G lu is protected with ^ ocnx . 

the side chain of Asp is pr and 
^Boc-^-P-^ is introduced as the f inal - 

is prepared * a ~ ^o^ -t^- 

aescrihed in detail in ^ ^ using 

Hovemher 1.. 1..0. ^ ^.^rg.Tos, , vhich is 
a DMF:DCM mixture, except 

coupled in EMF. pentapeptide main 

Following the assembly of a pen P P 
chain intermediate on the MBHA resin having, t 

support, the ^"^Y^^ 50 .1 of 20 volume % 
crried out hy treatment with ^ ^ ^ _ 

, piperidine in OHF for 1 x ^ ^ side . chai 

^r^ 1 ^^ - — Mino group 

5 on the Dbu residue. tte 

Following washing in continue d 
synthesis of -e ma^ chain f ^ 

by «|- •"^»^^ C w> . hJ U. the peptidoresin is 

conditions. Following f 20 volU me percent 

,0 treated with aoout SO - room 

piperidine in - - ^ » fcQ r _ ve the Fmoc 

temperature, f """^/^^ino group of Arg and the 
protecting group on the alp ^ ^ ^ the 

OFm ahout S meg. (2.1 ^> <* 

3 5 peptidoresin is suspenae 
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BOP [ Benzotriazolyl-N-oxytris (dimethylamino) -phosphonium 
hexaf luorophosphate] and 15 meq. of diisopropylethylamine 
and stirred for about 4 hours at 65 *C and then overnight 
at room temperature to effect cyclization between the 
5 side chain of Glu and the a-amino group of Arg. The 

peptidoresin is filtered and then washed with DMF, MeOH, 
DCM and MeOH. Thereafter, the Boc-protecting group is 
removed from the N-terminus of cyclic peptide, and the 
synthesis of the remainder of the decapeptide main chain 
10 is completed to produce the further intermediate: 

Boc-£-D-2NAL-(4Cl) D-Phe-D-3PAL-Asp (OChx) -Glu-D-Arg (Tos) - 

j Arg(Tos) ' 

Leu-Dbu-Pro-Dpr (Z) -MBHA resin support. 

15 After deblocking the alpha-amino group at the 

N-terminus using trif luoroacetic acid(TFA), acetylation 
is achieved using a large excess of acetic anhydride in 
dichloromethane . This resultant product is sometimes 
referred to as the "final" intermediate. Thereafter, 

2 0 about 4 g. of protected-peptidyl resin is suspended at 

room temperature in 40 ml of DMF, and 1 ml . of anhydrous 
hydrazine (30-40x excess) is added to it under continuous 
stirring. Nitrogen is bubbled through the reaction 
mixture, and continuous stirring is effected in a closed 

25 vial for about 3 days. The resin is filtered, washed 3 
times with DMF, twice with MeOH, and 3 times with DCM, 
and then finally dried. 

About 4 g. of the protected peptide-hydrazide- 
resin is treated with 100-150 ml of distilled HF, in the 

30 presence of 10 ml of anisole as a scavenger, at 0*C. for 
about 4 0 minutes to remove the remaining protecting 
groups and cleave the peptide from the resin. HF is 
removed under high vacuum, and the peptide is 
precipitated with anhydrous ethyl ether. The solid 

35 material is collected, dissolved in 50 ml CH 3 CN:H 2 0 (1:1) 
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., • „ It is then purified' using KP-HPLC prior 
and lyophilized. It is tne v 

to final cyclizing. de - h ydrazide is dissolved in 

10 oc mg of the ^ s . c>> and Nz gas i. 

15 »i of DKT and cooled to abo ^ ^ ^ Qf 4N 
bubbled therethrough. 0.56 <_ out 0 .7B 

„C1 in dioxane is added. » 

mol) of ^^j;:^ £ or 3 hours. The ^ 
Stirr^g at -25 c i ^ q£ precooled DKF 

azide-solution is diluted suitable 
( .«-C). H,X-diisopropylethyla»ine is adde ^ 
portions to give a final PH of 7.8. The pH 
and readjusted several times. ■ _ then 

The solution is ^^. C - The res idue is 
evaporated to dryness m high and tte solia 

, triturated in the presence of ethyl 
is collected and dried in vacuum. 
■ pinal purification of the 

ejected by analytical ^^e Jably u -s a 
separations. The analytical ^ ^ ^ 

0 Ctriethyla^ Pho buffe^ ^ ^ . 

— "■^STu ^dged to be homogeneous ^ 
thin layer ^^^^"^^^ SS Performance 

phosphate solution plus p is consistent 

analysis of the resultant, purified P * win 
30 with the formula for the P*^*"*^^"^ each amino 
substantially integer-values as **P measured 
acid. The optical rotation of Peptide Ho. 
on a photoelectric polarimeter as 

[0 ,a - -42-±l(c-0.7a. 50% acetic acid,. 



35 l " J D 
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The peptides from Table I are assayed jji vivo 
and are also tested Jjq. vitro using dissociated rat 
pituitary cells maintained in culture for 4 days prior to 
the assay. The levels of LH mediated in response to the 
5 application of peptides is assayed by specific 

radioimmunoassay for rat LJi, as set forth in detail in 
Life Sciences , supra . Control dishes of cells only 
receive a measure which is 3 nanomolar in GnRH; 
experimental dishes receive a measure 3 nanomolar in GnRH 

10 plus a measure having either the present standard 

antagonist for comparison purposes, i.e. [Ac-dehydroPro 1 , 
(4F)D-Phe 2 , D-Trp 3 ' 6 ]-GnRH, or the test peptide, in 
concentrations ranging from 0.01 to 10 nanomolar. The 
amount of LH secreted in the samples treated only with 

15 GnRH is compared with that secreted by the samples 
treated with the antagonist peptide plus GnRH . The 
abiTity of the test peptide to reduce the amount of LH 
released by 3 nanomolar GnRH is compared to that of the 
present standard: peptide. All of the peptides exhibit 

2 0 substantial biological potency for inhibiting the release 

of LH in such in vitro assays. 

In vivo testing determines effectiveness to 
prevent ovulation in female rats. .In this test, a 
specified number of mature female Sprague-Dawley rats, 
25 e.g. usually five to ten, each having a body weight from 
about 225 to 250 grams, is injected with a specified 
microgram dosage of peptide in either saline or 
bacteriostatic water at about noon on the day of 
proestrus. Proestrus is the afternoon of ovulation. A 

3 0 separate female rat group is used as a control to which 

the peptide is not administered. Each of the control 
female rats ovulates on the evening of proestrus, and the 
number of the treated rats which ovulate is recorded. 
The results are set forth in the following Table A, 
35 wherein the dosages stated are in micrograms per rat. 
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10 



15 



20 



25 



Peptide 
No. 



1. 
2. 

3 . 

4 . 





-29- 








Rats 


posaae 


mm! atina 


2.5 


0/4 




0/3 


5 


2/8 


25 


0/5 


10 


4/5 


10 


4/9 _ 


10 


6/8 


10 


0/9 


2.5 


3/10 



posage 

1.0 

10 
2.5 

10 

5 
2.5 



Rats 

2/11 

1/6 
6/8 

4/6 

7/10 
9/14 



8. 
9. 
10. 



25 


0/8 


10 


5/5 


10 


0/4 






5 


0/4 


2.5 


6/6 


10 


0/4 


5 


1/7 


2.5 


3/8 


1.0 


4/4 


10 


5/6 


2.5 


7/7 


5 


0/6 


2.5 


3/4 



11. 

12. 
13. 
14 . 

to prevent ovulation of female rats at a very 1 
It is considered to b e totally ««* Ct ^ " '/t^ould 
ab out 50 micrograms per Kg of body wxgKt. and xt 
lively be effective at about 5 Mg/«g. ^ effective to 
peptides listed in Table I are cons.dered *«"^ e 

LocK SnKH-induced a "-^^ ^ t ^o ,g/Kg 
ovulation of female mammals at dosages 
of body weight or less. 
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EXAMPLE II - 
Peptides as indicated in TABLE II having the 

formula: 

I R n 1 

5 Ac-dehydroPro- (A) D-Phe-D-BPAL-R ^-P^-D-Trp-Leu-P^-Pro- 

R ! 10 -NH 2 are prepared by the solid-phase procedure referred 
to above. 

TABLE II 

10 





X 


*4 


*5 


*« 


R 10 


*11 


18 


4F 


Asp 


Asp 


Orn 


Dpr 


Gly 


19 . 


it 


M 


ti 


ii 


M 


Phe 


20 


M 


Abu 


Hgl 


Dpr 


Abu 


His 


21 


ill 


it 


it 


ti 


it 


Arg 


22 


II 


Asp 


it 


« 


Dpr 


Asn 


23 


4Br 


ti 


Asp 


Orn 


it 


Met 


24 


it 


Abu 


it 


ti 


Abu 


Nle 


25 


H 


ti 


ti 


n 


« 


Leu 


26 


4NO z 


M 


Glu 


Dbu 




. Nva 


27 


n 


Asp 


M 


n 


.Dpr 


Tyr 


28 


2,4C1 2 




H 


ti 


ft 


Trp 


29 


ti 




Hgl 


Dpr 


tt 


3 PAL 


30 


C°Me/4Cl 


Abu 


ii 




Abu 


2NAL 


31 


3, 4C1 2 


ti 


n 


ti 


Abu 


Val 



The peptides listed in Table II are considered 
30 effective to block GnRH-induced LH secretion in vitro at 

reasonable concentrations. All of the peptides are considered 
to be effective to prevent ovulation of female mammals at low 
dosages. 
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ES& MPT -T ? Ill 

Peptides as indicated in TABLE XIX having th. 
formula: R 

abOVe ' TJ^LJLII 



10 



15 



20 



32 

33 

34 

35 

36 

37 

3 8 

39 

40 

41 

42 

43 

44 



AC 

Acr 

For 

Bz 

Ac 

Vac 

' Acr 

Ac' 

Acr 

Ac 
it 

Vac 
Bz 



Abu 
Abu 
Asp 



it 
ii 

Abu 
ii 

it 

ti 

ti 

Asp 



D-Arg(bCK) 
D-Aph(iCN) 
D-Aph(atz) 
D-Arg(iCN) 
D-His 
(Et 2 )D-Har 
D-Lys (atz) 
D-Aph(bzCN) 
D-Dbu(atz) 
D-Arg(bzCN) 
D-2PAL 
D-Aph (bCH) 
D-Har 



Abu 


Lys 


Abu 


orn 


Dpr 


Phe 


ii 


Sar 


•t 


Ser 


it 


Gin 


ti 


lie 


Abu 


Val 



Dpr 



Glu 
Gly 
Nle 
Cit 
Leu 



25 



3 0 



P e P tides s.= h « - 3 2 ^^rX^- 

Each of the peptide ^ secretion ^ 

considered effective to block GnKH pept ides are 

* * "TTfrec^lTotrent option of ,-1. 
considered to be effective p 

mammals at low dosages. 
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EXAMPLE IV 

Peptides as indicated in TABLE IV having the formula 

I R n 1 

A c-R,- (4 CI) D-Phe-D-Trp-Asp-Glu-D-3PAL-R 7 -Dbu-Pro- 

5 Dpr-NH 2 are prepared by the solid-phase procedure referred 

to above. 

TABLE IV 



10 





*1 


*7 


*11 


45 


/?— D-2NAL 


Nle 


Arg(bCN) 


46 


(lAc) D-Trp 


Met 


Har (iCN) 


47 


( 6 Br) D-Trp 


Tyr 


Har (mCN) 


48 


(5F) D-Trp 


Nle 


(4F)Phe 


49 


(6N0 2 ) D-Trp 


Met 


Aph(iCN) 


50 


(5C1) D-Trp 


Tyr 


(guaACHj) Phe 


51 


(4C1)D-Phe 


Phe 


Aph (atz) 


52 


(4F)D-Phe 4F-D-Phe 


Lys (atz) 


53 


(2 , 4Cl 2 )D-Phe 


NML 


His 


54 


dehydroPro 


Nle 


Dpr (atz) 


55 


0-D-1NAL 


Trp 


Har 


56 


(60CH 3 )D-Trp 


Leu 


Dbu (atz) 


57 


(SNILJ D-Trp 


. Nva 


Arg(eCN) 


58 


(4N0 2 ) D-Phe 


NML 


Lys 


59 


Pro 


Tyr 


Har (bzCN) 




When peptides such 


as Nos. 


58 and 59 are 



synthesized, the amino side chain of the R 11 residue, 

e.g., Lys, is blocked with a protecting group, such as 
3 0 alloc, which is not removed during HF cleavage from the 

resin, but vhich is instead, removed later following 

completion of the second cyclizing bond. 

All peptides listed in Table IV are 

considered effective to block GnRH-induced LH secretion 
35 in vitro at a reasonable concentration. All of the 
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aa^A to-be effective to prevent 
nontides are considered to »«= 
pepta-aes ax dosages, 
ovulation of female mammals at low 

Peptides as indicia in TABLE V.h.v»9 the 

R, 1 i 



10 



, Ac B -D-2N A L-(4F)D : Phe3^p-Glu-R & -Tyr-Dbu 

formula: Ac-g _PJMAX^^^^_t- T ^ ^ edure 
Pr o-D P r-NH 2 are prepared by the son 
referred to above. 



15 



20 



25 



60 
61 

62 

63 

64 

65 

66 
67 
68 
69 
70 
71 
72 
73 
74 
75 



(6N0 2 )D-Trp 
(5CH 3 )D-Trp 
(50CH 3 )D-Trp 
0-D-2NAL 
0-D-1NAL 
(lFor)D-Trp 
(5F)D-Trp 
(5Cl) D-Trp 

D-2PAL 
(lAc) D-Trp 
D-3PAL 



(5NH 2 ) D-Trp 
( 6Br) D-Trp 
D-4PAL 



D-Arg (mCN) 
(DNP) D-His 
(4gvta)D-Phe 
( 6N0 2 ) D-Trp 
D-Aph(atz) 
(Et 2 ) D-Arg 
(5NH 2 ) D-Trp 
D-Aph(atz) 
D-Nle 
(4F)D-Phe 
D-Aph(eCN) 
(4NHCH 3 )D-Phe 

(I P r 2 ) D-Arg 
D-Lys (atz) 
(lFor) D-Trp 



(gua4CH 2 )Pbe 
Lys(atz) 
(4gua)Phe 
Arg (bzCN) 
Arg(iCN) 
Har(chCN) 

Cit 
Aph(bCN) 
(4NH 2 )Phe 
Aph(bzCN) 
(4CH 3 )Phe 
Aph(atz) 
Har(2mpCN) 
Lys (atz) 
Arg(bcN) 
Aph(iCN) 



30 



35 



D-Aph(iCN) 

peptides are considered to be etx 

^ ^ , ^ - ~+- low dosages. 

ovulation of female mammals at 10 
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EXAMPLE VI 

Peptides as indicated in TABLE VI having the 

I *ii 1 * 

formula : X-R^ ( 4 F) D-Phe-D-Trp-R 4 -Glu-R 6 -Leu-Dbu- 

r ■ .1 , . ., i 

5 Pro-R 10 -NH 2 are prepared by the solid-phase procedure 

referred to above* 
10 TABLE VI 





Z 


*1 


** 


** 


*10 


*11 


76 


Acr 


dehydroPro 


Asp 


D-Lys (atz) 


Dpr 


Ala 


77 


Ac 


ii 


M 


D-Aph(hCN) 


H 


0-Ala 


78 


Ac 


£-D-2NAL 


« 


(MeEt)D-Arg 


H 


Asp 


79 


Acr 


Pro 




D-Ser(OtBu) 


II 


Leu 


80 


' H 


dehydroPro 


Abu 


(imBzl) D-His 


Abu 


Val 


81 


. Bz 


(4Br)D-Phe 


« 


(5C1) D-Trp 


ii 


Gly 


82 


II 


D-pGlu 


H 


( 6Br) D-Trp 


w 


Phe 


83 


For 


0-D-1NAL 


II 


D-Dbu (atz) 




Cys 


84 


« 


dehydroPro 


H 


(Ipr 2 ) D-Har 


Abu 


Orn 


85 


Vac 


£-D-2NAL 


H 


D-Pro 


n 


Lys 


86 


n 


D-Phe 


Asp 


D-Ile 


Dpr 


His 


87 


H 


dehydroPro 




D-Aph(chCN) 


H 


Har 



25 

Each of the peptides listed in Table VI is 
considered effective to block GnRH-induced LH secretion 
3 0 in vitro at a reasonable concentration. All of the 
peptides are considered to be effective to prevent 
ovulation of female mammals. at low dosages. 
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Peptides as indicated in TXBI* VII having *~ 



5 

referred to above. 



10 



25 



Tft pj.T: VII 



••10 



pp r6N0)D-Trp Asp D-Aph(2mpCN) Dpr P*e 

88 (6N0 2 >D Trp ^ m Dbu 

B « ^D-Trp " D-Aph ( iCN ) - *** 

15 91 D-Har(2mpCN) w Val 

92 (50CH 3 )D-Trp _ ,JL - Ala 

„ it D-Dpr(atz) 

94 (lAc)P-Trp < n 2' 

-*tn » (5CH ? )D-Trp CyS 

95 (lFor)D-Trp v 2'. 

2o 96 (6Br)D . Irp r ^ - £ 

»i D— Aia 



100 (5NH 2 )D-Trp 



Each of the peptides Usted in Table 
30 considered effective to fcloc* ^-^^^Z, 

P e P v . _ i ow dosages, 

ovulation of female mammals at low a 
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AMPLE VIII 

Peptides as indicated in TABLE VIII having the 

formula: j ^n" j 

Ac-R,- (4F) D-Phe-D-3PAL-A sp-Glti-R 6 -R 7 -Dbu-Pro-D]p r-NH 2 
5 are prepared by the solid phase procedure referred to 
above . 

TABLE VIII 







*1 


»6 


*7 


*11 




101 


fl— D-2NAL 




Leu 


Cys 




102 


M 


D-Har f eCN) 




Har (eCN) 




103 


n 


D-Har(hCN) 




Arg(hCN) 




104 


n 


(EtBu)D-Arg 


n 


(4gua) Phe 




105 


dehydroPro 


D-Aph (atz) 


3 PAL 


(4OCH3) Phe 


15 


. 106 


it 


(4N0 2 ) D-Phe 


Tyr 


Arg(iCN) 




107 


0-D-2NAL 


D-Dpr (atz) 


NML 


Aph (atz) 




108 


t1 


0-D-1NAL 


4 PAL 


(gua4CH 2 )Phe 




109 


n 


(imBzl) D-His 


Leu 


Aph(bCN) 




110 


ii 


(6N0 2 ) D-Trp 


ti 


Dpr (atz) 


20 


111 


ti 


D-Tyr 




Orn (atz) 




112 


ti 


(IFor) D-Trp 


Phe 


Dbu(atz) 




113 


ti 


(6F) D-Trp 


NML 


Aph(bzCN) 




114 


(C*Me/ 
4C1)D-Phe 


(4 CI) D-Phe 


Nle 


Orn (atz) 




115 


Pro 


D-Lys (atz) 


Met 


Lys (atz) 


25 


116 


dehydroPro 


(60CH 3 ) D-Trp 


Nva 


Dbu (atz) 




117 




(5CH 3 )D-Trp 




Dpr 




118 


n 


(lAc) D-Trp 


(4F)Phe 


Aph(iCN) 




119 


•i 


D-Aph(mCN) 


NML 


Dbu - 




120 


ti 


D-Arg(bzCN) 


Nle 


(4Br)Phe 


3.0 


121 


ti 


D-Aph(2mpCN) 


Trp 


Arg(2mpCN) 




122 


D-Pro 


(2,4Cl 2 )D-Phe 


Nva 


Har (bzCN) 




123 


0-D-2NAL 


D-Aph (atz) 


Tyr 


Aph (atz) 




124 


« 


(5C1) D-Trp 


Met 


Dpr (atz) 




125 


(4 CI) D-Phe 


(4 Br) D-Phe 


3 PAL 


Arg 
(acetate 
salt) 



35 
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„^=«= listed in Table VIII is 
Each of the peptides listed * se cretion 

considered elective to bloc* ^ 
* ^ at a reasc prevent 

SXAMPTjB IX 

Bicyclic peptides as indicated in TABLE IX 
10 having the formula: ^ r,^— , 

D-3PAL-NHCHCO-] 
(CH 2 ) n 



15 



20 



I 

Pro-NHCHCO-NH 2 

ar e prepare* >y «» .cli-*— proceaure referred *o 

t&ktj: ix 

5 GlU 



above 



126 
127 
128 



Dbu LY S 
« " Orn 

Hgl Dpr (4Cl)Phe 

Arg(iCN) 



,e 129 6 

25 nn« His 



130 
131 
132 
133 



G lu Dbu 
Hgl 



Dpr Dbu(atz) 
Ly s ( atz ) 

ti Dbu 
Asp - (4N0 2 )Phe 



3 0 gi - u „ (gU a4CH 2 )Phe 



13 5 
13 6 
137 
138 



Dpr om(atz) 

Hgl orn Lvs 
Asp h Har(bCN) 



35 



WO 94/11393 



< 

PCT/US93/ 10662 \ 



-38- 

Each of the peptides listed in Table IX is 
considered effective to block GnRH-induced LH secretion 
in vitro at a reasonable concentration • All of the 
peptides are considered to be effective to prevent 
5 ovulation of female mammals at low dosages. 

The peptides of the invention are often 
administered in the form of pharmaceutical^ acceptable, 
nontoxic salts, or of metal complexes, e.g., with zinc, 
barium, calcium, magnesium, aluminum or the like (which 

10 are considered as addition salts for purposes of this 
application) , or of combinations of the two. 
Illustrative of such acid addition salts are 
hydrochloride, hydrobromide , sulphate, phosphate, 
nitrate, oxalate, fumarate, gluconate, tannate, maleate, 

15 acetate, citrate, benzoate, succinate, alginate, malate, 
ascorbate, tartrate and the like. For example, an 
aqueous solution of the peptide can be repeatedly treated 
with IN acetic acid and then lyophilized to yield the 
acetic acid salt thereof. If the active ingredient is to 

20 be administered in tablet form, the tablet may contain a 
pharmaceutically-acceptable diluent or excipient which 
can include a binder, such as tragacanth, corn starch or 
gelatin, a disintegrating agent, such as alginic acid, 
and/or a lubricant, such as magnesium stearate. If 

25 administration in liquid form is desired, sweetening 
and/or flavoring may be used as part of the 
pharmaceutically-acceptable diluent, and intravenous 
administration in a carrier such as isotonic saline, 
phosphate buffer solutions or the like may be effected. 

3 0 The pharmaceutical compositions will usually 

contain the peptide in conjunction with a conventional, 
pharmaceutically-acceptable carrier. Usually, the dosage 
will be from about 10 micrograms to about 2.5 milligrams 
of the peptide per kilogram of the body weight of the 

35 host when given intravenously; although oral dosages will ( 
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10 



15 



th ese compounds .ill ^ of subjects ,1th 

Ministration. Overall «eatm ^ ^ 

these peptides 1. generally carr ^ 
manner as the clinical tr ^ ^ ^ 

of GnRH using a suitable nqui 

PePtid£ VvT'lso - desirable to deliver the «*H 
analog over prolonged periods o f time 

periods of one wee* to ^ J^^r \» plant dosage 
Ministration, and slow release d p 

£orms nay be ---: a ca j;%;::; p t 1 a ;u non-tLic 

contain a ^^"^UTegree of solubility in body 
the compound whic > ha a I- J ^ ^ . 

fluids for «^^» w '^ . polyval ent metal cation, or 
polybasic acid, a salt VI relative ly insoluble 

combination of two such .alt.. A ^ ^ 

salt may also be formulate in a g • ^ depot 

al uminum stearate gel. X sul tab • 

f or mulation -^---Perd encapsulated in a 

trading or ^^^^ 
as a polylactic - -^ >9 ; 9 . These 

"^V^so ^ orated into silastic plants. 
5 compounds Bay b BljBini .ter«d to mammals 

These peptides can b «.UY. 

intravenously, s^"^^ y , or intravaginally to 
percutaneously, e.g. intranasal^, ^ ^ 

a chieve -rtility inhibition an / « - ^ 
.0 applications calling for rev t of 

g onadal activity, such as f or th » 9 

precocious puberty or during radiat dent 

i„„ „=eful for treatment of steroia r 
They are also useful to £oria of 

tumors. Effective dosages will vary « 

35 administration and the particular species 



WO 94/11393 



PCT/US93/ 1 0662 



-40- 

treated. Certain of these peptides . have extremely good 
solubility characteristics in water and in saline 
rendering them particularly valuable in this respect. An 
example of one typical dosage form is a bacteriostatic 
5 water solution containing the peptide, which solution is 
administered to provide a dose in the range of about 0.1 
to 2.5 mg/kg of body weight. Oral administration of the 
peptide may be given in either solid form or liquid form. 

Although the invention has been described with 
10 regard to its preferred embodiments, it should be 

understood that changes and modifications as would be 
obvious to one having the ordinary skill in this art may 
be made without departing from the scope of the invention 
which is set forth "in the claims which are appended 
15 hereto. The art in the design of GnRH antagonists is 
extremely well developed inasmuch as work has been 
progressing for some 2 0 years. Accordingly, although the 
following three formulae are considered to provide GnRH 
antagonists having particularly advantageous properties, 
2 0 as should be clear from the foregoing specification and 
tables, there are equivalent residues that can be 
substituted for the residues specified in these formulae 
while retaining comparable biological potency and many of 
the advantages of the invention. The three formulae are 
25 as follows: 

f R n j 

AC-0-D-2NAL- (4C1) D-Phe-D-3PAL-Asp-Glu-D-Arg-Leu-Dbu- 
; ■ — 1 

Pro-Dpr-NH 2 , 
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Pro-Dpr-NH 2 , and ^ R ^ 1 

, ,4C1^ D-Ph.-D-3PAL-Xsp-GlU-D-Arg-I-U-DbU- 

5 fl~-*o* Y droPro-(4Cl)D-rn e " , 

Pro-Dpr-NH 2 . 

, , r«T?H antagonists having such 
A ccordin gl y, « equival ent. Moreover, 

substitutions .re ""^^^tlLnts specif idly 
10 in eddition «/ h %^ e e 7 r r a : aitiona l »inor Captations 
described herein, there are » various 
that can be also be »ade to residu ^ 

po sitions or the ^^^nts of D-3»I.. 
D-4PAI. are considered to be e^u q£ 
15 substituted P he, such as ^ Buch as 

Ph e in :the ,-pos^on Subset ^ ^ _ 
M C1,D-Phe and other hy p pre£erably in 

als o be 1 P considerea equivalents of 

D-isomer form, and tney at having 1 or 2 

. 3 cv,nr+pned forms of Arg navmy 
20 those specified. Shortened i 

■ l - .^1^ r^d ^iUtan be employed at 
cyclizmg linxage. » 

the' -"-^; ular features of the invention are 
2S emphasized in the claims which follow. 
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WHAT IS CLAIMED IS: 

1. A GnRH antagonist peptide having a 
decapeptide main chain, which peptide is effective to 
substantially reduce the amount of secretion of LH by the 
pituitary, said peptide being an analog of mammalian GnRH 

5 wherein the C-tenninus is amidated, the side chain of the 
residue in the 4-position is connected by a covalent bond 
to the residue in the 10-position, and the side chain of 
the residue in the 5-position and the side chain of the 
• residue in the 8-posi*tion are connected by amide linkages 
10 to the a-carbon of an a-amino acid residue outside of 
said main chain. 

2. A peptide according to Claim 1 wherein said 
connection between said 4- and 10-position residues is 

15 via a covalent bond between respective side chains 
thereof. 

3. A peptide in accordance with Claim 2 
wherein a side chain carboxyl group of said 4-position 

20 residue is connected by an amide bond to a side chain 
amino group of said 10-position residue. 

4. A peptide according to Claim 3 wherein said 
5-position residue has a side chain carboxyl group and 

25 said 8-position residue has a side chain amino group 

which groups are linked by amide bonds to said a-carbon. 



30 



5. A peptide or a' nontoxic salt thereof which 
contains two cyclizing bonds, said peptide having the 
formula: 
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r R u ~" 1 

,„ T „ J-d _n-Arg-Leu--R--Pro-R,o- NH 2 
?r r _ T ,-,v & T-r4Cl)D-Phe-D-3PAL- R,-^ D Arg- «, 1 

• or Abu; F« is Glu, Hgl or Asp; Ra is 

wherein R A - Asp or Abu^ ^ ^ ^ ^ 61yf ^ 

Db u, Dpr or Orn, R 10 x. Dp ^ NAL, PAL, 

(E )Phe, Arg, Hx^ Tyr ^ £ ^ ^ ^ 

N va, He, Trp, Cys crt or ^ 

^ CH - H ' F ^ u r ' R is Su; and wnen R 4 is Asp, R 10 is 

that when R 4 xs Abu, R 10 xs ^ 

10 Dpr. 

6 . A peptide according to Claim 5 which 
peptide has the formula: 



15 



20 



25 



30 



• is Dpr; and R„ is Gly, Ala, Sar, 

wherein R 4 xs Asp , R„ " ^ whe 1 rein E is gua, NH 2 , 

0- A la, NAL., (E)Phe, Arg or His, wh 
guaCH 2 , H, Cl, F, Br, HO,, CH 3 , or OCH 3 . 

7. A peptide according to Claim 6 wherein R, 
is Glu and Rg is Dbu. 

8 . A peptide according to Claim 7 wherein R„ 
is a basic a-amino acid. 

9 . A peptide according to Claim 7 wherein R„ 
is Arg or His. 

10. X ±#ti** -cording « cl.l. 6 wherein 
is Asp and R,j is om. 
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11. A peptide according to Claim 6 wherein 
is Hgl and R^ is Dpr. 

12. A peptide in accordance with Claim 5 
5 having the. formula: 

r- R n 1 

Ac-£-D-2NAL- ( 4 CI ) D-P he-D- 3 PAL-A sp-Glu-D-Arg-Leu-Dbu- 
Pro-Dpr-NH 2 or 

10 

i Rl1 r 

Ac-£-D-2NAL- (4C1 } D-Phe -D-3 PAL-As p-Asp-D-Arg-Leu-Orn- 
Pro-Dpr-NH 2 or 

15 — ; , 

Ac-dehydroPro- (4C1) D-Phe-D-3PAL-Asp-Glu-D-Arg-Leu-Dbu- 

I . ' 

Pro-Dpr-NH 2 . 

13. A peptide according to Claim 12 wherein R 1 
20 i s Arg, Har, (gua)Phe, (guaCH 2 )Phe or His. 

14. A method for regulating the secretion of 
gonadotropins comprising intravenously, subcutaneously, 
intramuscularly, orally, percutaneously , or 

25 intravaginally administering an amount, which is 

effective to prevent GnRH-induced LH secretion, of a 
pharmaceutical composition containing a peptide or a 
nontoxic salt thereof as defined in Claim 5 plus a 
pharmaceutical^ acceptable carrier so as to provide a 

30 daily dosage between about 0.1 and about 2.5 milligrams 
of said peptide per kilogram- of body weight. 



35 



15. A peptide or a nontoxic salt thereof which 
contains two cyclizing bonds, said peptide having the 
formula : 
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,^T.W < Cl> D -Phe-D-3PAL-A sp- I ^ g -^,-Pro- D P | r -HH ; 

wherein P, is Asp or Glu; R, is Dbu or om, K„ is Gly, 

5 gua, NH 2 , guaCH 2 or H. 

16 A peptide according to Claim 15 wherein ^ 
is Glu, R, is Dbu, and R„ is Arg, Har, (gua)Phe, 
. (guaCH^Phe or His. 

17. A peptide according, to Claim 15 having 
the formula: 



10 



r 



R « — 1 



15 Ac- g - D--2KAL-(4Cl)D-Phe-D J ^ PA^sp-Glu-D-Arg- L eu.-Dbu- 
Pro-Dpr-NH 2 wherein R„ is Arg . 

fx 

18 . A peptide according to Claim 15 having 
the formula: 



2 0 R ir 



^_^- : ,-,> J ,T.-MCl^-Phe-D-3PA L -A S p-Glu-D-Arg- L eu-.Dbu- 
Pro-Dpr-NH 2 wherein R n is Gly. 

19 . a peptide according to Claim 15 having 



25 

the formula: 



*11 



Ac-^ D^NAL-CACDD-Phe-D^PAL-As p-Asp-D-Arg-I^u-Dbu- 
3Q Pro-Dpr-NH 2 wherein R n is 0-Ala. 
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20. A peptide according to Claim 15 having 
the formula: 

I R 11 J 

Ac-fl-D-2NAL- (4C1 ) D-Phe-D-3PAL-Asp-Glu-D-Arg-Leu-Dbu- 

, : : ; > 

Pro-Dpr-NH 2 wherein R n is Phe. 

21. A peptide according to Claim 15 having 
the formula: 



1 R " 1 

Ac-£-D-2NAL- (4C1) D-Phe-D-3PAL-Asp-Glu~D-Arg-Leu-Dbu- 

Pro-Dpr-NH 2 wherein R n is His. 

22. A peptide according to Claim 15 wherein 
R n is Arg, Gly, £-Ala, Sar, Phe, 0-2NAL, His or 
(4Cl)Phe. 

23. A process for making GnRH antagonist 

2 0 peptides, which peptides contain cyclizing bonds between 
the residues Asp-Dpr and Rs-R^, respectively, and have 
good solubility in aqueous media, and which peptides 
have the Formula I: 

. 'R, 



Mr 

25 X-R,- (A) D-Phe^- Asp-R^^-Ry-Ra-Pro-Dp r-NHg, wherein X is 
hydrogen or an acyl group having 7 or less carbon atoms; 
R 1 is /?— D-2NAL or dehydroPro; A is H,C1, F, N0 2 , CH 3 , 
OCH 3 , C a Me/4Cl, Cl 2 or Br; R 3 is 0-D-2NAL, D-3PAL or 
D-Trp; is Glu, Hgl or Asp; R 6 is 0-D-NAL, (B)D-Trp, 

30. (A')D-Phe, (D)D-Har, D-Tyr, (C)D-His, D-PAL, (D)D-Arg, 
D-Leu, D-Ile, D-Val , D-Nle, D-Ala, D-Pro, D-Ser(OtBu), 
D-Nva or D-UAA; A' is A, NH 2 , NHCH 3 or gua; B is H, N0 2 , 
NH 2 , OCH3, F , CI, Br, CH 3 , N in For or N in Ac; C is H, imBzl 
or dinitrophenyl ; D is H or di-lower alkyl; R 7 is Nle, 

35 Leu, NML, Phe, Met, Nva, Tyr, Trp or PAL; is Dbu, Dpr 
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10 



15 



20 



25 



30 



or orn; and R„ is Gly f Ala, Sar, ,-Al., ^ Har NAL 
(E )Phe, Arg or His; and E is gua, NH 2 , guaCH 2 , H , CI, F, 
Br, N0 2 , CH 3 or OCH 3 ; which method comprises 

(a) forming, by solid-phase synthesis on resin 
support, a first intermediate compound having the 

£^ ~ or * or xVH 8 (X»)-Pro- D pr(X^-X^ 

(b) removing <X*) by treatment with piperidine and 
coupling (X^R^X 9 ) to the side chain of R,; 

(c) coupling % to R 6 to create a second 
intermediate having the formula: X^X 6 )- 
R 6 (X* or X*)-R 7 (X* or X* or X 7 ) -yPro-Dpr (X*«) -X ; 

xVP-ntX 9 )- 1 

(d) simultaneously removing (X 6 ) from Rj and (X 8 ) 
from R„ by treatment with piperidine and creating a 

cyclizing amide bond; 

(e) then continuing solid-phase synthesis on said 
resin support and forming a third intermediate compound 
having the Formula II: 

X^R 1 -(A)D-Phe-R 3 (^)-Asp(X')-R 5 -R 6 (^ or X*)-R 7 (X or X* 

. : R„(X 9 )- 

or x^-R^-Pro-DprCX^J-X 10 wherein X 1 is hydrogen or an 
alpha-amino protecting group; X* is hydrogen or a 
protecting group for an indole nitrogen; X and X are 
hydrazine- or acid-labile protecting groups for carboxyl 
or amino side chains; X* is hydrogen or a protecting 
group for a phenolic hydroxyl group of Tyr; X is 
hydrogen or a protecting group for a guanidxno or 
ixnidazole side chain; X* is a base-labile protecting 
group for a carboxyl group; X 7 is a protecting group for 
Met; X 8 is a base-labile protecting group for an amino 

' v . v 10 is selected from the 

moiety; X 9 is hydrogen or X 5 ; and X is sexecx. 

• ~ ^ n-rH-fresin support) and -NH-(resm 
group consisting of 0-ch 2 ^ esiI1 

support) ; 
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(f) converting (X 3 ) to a hydrazide by treatment with 
anhydrous hydrazine; 

(g) splitting off any remaining protecting groups 
and cleaving from said resin support by treatment with 

5 HF; and 

(h) creating a cyclizing bond between Asp and Dpr, 
by treating with isoamylnitrite to convert said 
hydrazide to an azide and then adjusting the pH to about 
7.8. 
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